ABSTRACT: Understanding the dispersal pattern and mechanisms affecting the mixing of Endangered loggerhead sea turtles Caretta caretta is a key issue for establishing sound conservation strategies. Loggerhead turtles are commonly encountered all along the Tunisian coast and particularly in the Gulf of Gabès, which is one of the most important foraging habitats for this species in the Mediterranean Sea. We conducted extensive sampling of 175 juvenile and adult loggerhead turtles that were stranded or incidentally captured in the areas along the northern (NTC), eastern (Gulf of Hammamet, GHAM) and southern (Gulf of Gabès, GGAB) Tunisian coast over a 6 yr period (2004 to 2009). A 380 bp fragment of the mitochondrial DNA control region was sequenced and analysed. Seven haplotypes were revealed, and a gradual variation in haplotype frequencies was observed among the studied areas. The extreme samples (NTC and GGAB) differed genetically from each other, while both were similar to the central sample (GHAM). This finding was confirmed by mixed stock analysis estimates, which suggested that the proportions of Atlantic turtles were very high in the NTC and decreased southward, while the proportions of Mediterranean contributions were higher in the GGAB and decreased in the opposite direction. The observed pattern of genetic variation and turtle distribution, which is probably related to differences in geomorphology and sea surface currents among these coastal areas, should be considered in future management plans. 
INTRODUCTION
A fundamental research priority in conservation biology is to investigate the dispersal patterns of endangered organisms in order to establish sound conservation strategies that take into consideration various life-history stages, habitats and threats (Bowen et al. 2005 , Naro-Maciel et al. 2007 , Carreras et al. 2011 . This is especially challenging when dealing with large marine migratory animals, such as loggerhead sea turtles Caretta caretta, that have a complex life cycle. This cycle is characterized by a series of ecological transitions associated with continuous movements and habitat shifts. After hatching, young loggerhead turtles are thought to drift passively for several years in the ocean zones during the oceanic developmental phase (Bolten & Balazs 1995) . Then, as larger juveniles, an unknown proportion recruits to neritic habitats to complete their development in the vicinity of their natal rookeries (neritic developmental phase; Bolten 2003 , Bowen et al. 2004 , while others remain in the pelagic zone. This ontogenetic switch from oceanic to neritic habitat is not immutable, and juveniles may return to the oceanic province (Casale et al. 2007 , Monzon-Arguello et al. 2010 . Upon reaching sexual maturity, adult turtles begin periodical migration from the foraging grounds to the nesting habitats, with females exhibiting natal homing behaviour (Bowen et al. 1993) . This philopatric behaviour results in significant differences in mtDNA haplotype frequencies among nesting colonies (Bowen & Karl 2007 ) that can be used to link feeding populations to their rookeries of origin (Norman et al. 1994) .
The loggerhead turtle is the most abundant marine turtle species in the Mediterranean Sea (Margaritoulis et al. 2003) , and is known to host 2 genetically distinct groups: one from the Mediterranean nesting areas and the other from the Atlantic rookeries (Laurent et al. 1998 , Carreras et al. 2006 . Previous studies based on satellite tracking, genetic analyses and tagging have shown the complexity of the mixing pattern of these 2 reproductively independent groups within the Mediterranean foraging areas. Ju ve niles from the Atlantic rookeries enter the Medi terranean during the oceanic developmental phase to feed in the western and eastern pelagic zones where they mix with local individuals. However, only a small proportion of Atlantic turtles recruit to the neritic foraging habitats , Casale et al. 2008b . Upon sexual maturity, they leave this basin to complete their development and to reproduce in the Atlantic Ocean (Laurent et al. 1998 , Carreras et al. 2006 , Casale et al. 2008b ). Factors such as sea surface currents, water salinity and topography have been suggested to shape the distribution of these independent populations within the Mediterranean Sea (Bentivegna 2002 , Cardona et al. 2005 , Carreras et al. 2006 , Revelles et al. 2007a .
The Tunisian coast represents a transition zone between western and eastern Mediterranean basins through the Siculo-Tunisian Strait. In this area, 2 principal water masses with different characteristics (temperature and salinity) flow in opposite directions. The waters (0−100 m depth) originating from the Atlantic move eastward along the Algerian coast and flow into the eastern basin, and the Levantine Intermediate Water (300−350 m depth) formed in the eastern basin, flows westwards (Béranger et al. 2004 and references therein). Furthermore, Tunisian littoral topography is highly variable. The sea bottoms of the northern littoral zone (in the western basin) are mainly rocky with reduced continental shelf, while those of the eastern and southern coasts (in the eastern basin) are sandy to sandy-muddy and with a progressive larger continental shelf to the south (Ben Mustapha et al. 2003) . These different features result in the distinction of 3 geographical sub-areas: the northern zone (NTC), the Gulf of Hammamet (GHAM) and the Gulf of Gabès (GGAB; Hattour 1999) (Fig. 1) . These areas are characterized by a variety of habitats and a high biodiversity.
Loggerhead turtles are encountered all along the Tunisian coast, although the highest concentrations are found in the south, especially in the GGAB. This gulf is of economic interest for the country as its fishery production, estimated at 46 569 t, represents about 69% of the Tunisian total production (Ben Salem et al. 2002) . Some studies have been carried out on immature loggerhead turtles encountered in Tunisian waters but these were mostly limited to the monitoring of stranding events and to interaction with fisheries. For instance, Bradai et al. (2008) recorded 180 stranded dead loggerhead turtles on the Tunisian coast during 2 monitoring campaigns (2006 and 2007) , 93% of which were in the GGAB. In this region, heavy fisheries bycatch causes high mortality of juvenile and sub-adult turtles , Echwikhi et al. 2010 . Additionally, tagging and satellite tracking of loggerhead turtles have provided some insights into the spatial ecology, migratory movements and habitat selection of the individuals that utilize the Tunisian foraging grounds (Broderick et al. 2007 , Hochscheid et al. 2007 , Zbinden et al. 2007 . However, to date, only a limited effort has been made to genetically characterize the loggerhead turtle population frequenting Tunisian habitats. In a recent work, Chaieb et al. (2010) focused only on a nesting population sampled from the main nesting site (Kuriat Islands). Casale et al. (2008b) and Laurent et al. (1998) analysed turtles frequenting eastern Tunisian foraging habitats without specifying their exact origins. Moreover, they did not extend their sampling to the western Tunisian coast, which has never been characterized. Furthermore, given the particular pattern of sea surface currents and water masses thought to play a relevant role in the dispersal of immature loggerhead sea turtles (Davenport & Clough 1986 , Bolten 2003 in the Siculo-Tunisian Strait area connecting eastern and western Mediterranean, it is interesting to compare populations on both sides of this strait. Here, we examined mitochondrial DNA (mtDNA) control region sequences of a large sample of loggerhead turtles collected from different areas of the Tunisian coast in order to (1) assess genetic structuring along the Tunisian coast, (2) elucidate the natal origins of turtles foraging in Tunisian feeding grounds, and (3) improve our understanding of factors impacting dispersal in the central Mediterranean region.
MATERIALS AND METHODS

Sample collection
Samples were collected from 175 loggerhead turtles which washed ashore (n = 129) or were captured incidentally (n = 46) along the Tunisian coast (Fig. 1) . Sampling was carried out throughout the year over a For each specimen, the curved carapace length (CCL) was measured using a flexible tape meter to the nearest cm. Blood was taken from the dorsal cervical sinus of live turtles, following the procedures of Owens & Ruiz (1980) , and stored at −20°C. Live specimens, which were rehabilitated in the Sea Turtle Rescue Center of the 'Institut National des Sciences et Technologies de la Mer' (INSTM) at Monastir, were tagged before release to avoid resampling. Muscle or skin samples were collected from dead animals and preserved in 70% ethanol.
Laboratory methods
Whole genomic DNA was isolated by standard phenol chloroform extraction (Hillis et al. 1996) . A 510 base pair (bp) fragment of the mtDNA control region was amplified by polymerase chain reaction (PCR) using the primers L71 and H599 (Laurent et al. 1998 ). The PCR protocol was 94°C for 5 min, followed by 35 cycles at 94°C for 1 min, 56°C for 1 min and 72°C for 1 min, with a final extension at 72°C for 10 min (Carreras et al. 2006) . Both positive and negative controls were run to ensure that there was no contamination of the DNA samples. PCR products were visualized in a 1% agarose gel and then purified using a Qiagen purification kit following the manufacturer's instructions. Purified products were se quen ced on an automated sequencer (Applied Biosystems model 3700 or 3730), and sequences were corrected and aligned using the BioEdit Sequence Alignment Editor v.7.0.9.0 (Hall 1999) and ClustalW programme (Chenna et al. 2003) .
Data analysis
Differences in the body size of specimens from the 3 areas were evaluated using a Kruskal-Wallis test followed by a post hoc test using the software SPSS 18.0 (SPSS Inc. 2010) . In order to avoid confounding the local nesting pop ulation with resident foraging turtles, individuals of adult size which might have been transient breeders moving through the area were removed (Limpus & Reed 1985) . Therefore, turtles with CCL ≥ 66.5 cm, i.e. the minimum CCL of a nesting female loggerhead in the Mediterranean (Margaritoulis et al. 2003) sampled during mating and nesting seasons, were not considered in the analysis.
MtDNA sequences were compared with previously described 380 bp loggerhead haplotypes published in the Archie Carr Center for Sea Turtle Research DNA database (ACCSTR; http://accstr.ufl.edu). Ge net ic diversity of the samples was estimated by haplotype diversity (h; Nei 1987) and nucleotide diversity (π; Tajima 1983) . Genetic differentiation between sampling locations was assessed using pairwise F ST computations based on haplotype frequencies (Weir & Cockerham 1984) , and the exact test of population differentiation (Raymond & Rousset 1995) . As exact origins of stranded turtles could not be determined precisely, a test of homogeneity was run within regions by comparing captured and stranded samples. We then tested for genetic differentiation be tween regions; first, we considered all of the captured and stranded specimens; second, we excluded stranded turtles. Annual variation was assessed with in each region. Our samples were also compared with previously studied foraging grounds in the Mediterranean Sea and the Atlantic Ocean: eastern and western Italy, northeastern Spain, the Balearic Islands of Pitiüses and Gimnesies (Carreras et al. 2006) , eastern and western oceanic Mediterranean zones, Egypt, Tunisia (Laurent et al. 1998) , Lampedusa (Casale et al. 2008b) , the Alboran Sea, Gulf of Cadiz (Revelles et al. 2007b ) and north-central Adriatic (Giovannotti et al. 2010) . All computations were carried out by the program Arlequin v.3.0. (Excoffier et al. 2005) . Correction for multiple tests was performed using a modified false discovery rate (FDR) procedure (Narum 2006) . Natal origins of loggerheads foraging in Tunisian waters were determined using a Bayesian mixed stock analysis (MSA) based on the many-to-many approach (Bolker et al. 2007 ) using the software WinBugs (Spiegelhalter et al. 2004 ). The results can be expressed as the proportions of individuals in each foraging ground contributed by different rookeries in a 'foraging-ground-centric' way (i.e. the proportion of individuals from each rookery in each foraging ground) or in a 'rookery-centric' way (i.e. the proportion of individuals in each rookery moving to each foraging ground). This method is not biased by the presence of rare haplotypes, which are regularly observed in sea turtle populations, and allows the incorporation of environmental data into the analysis as well as ecological data, such as source population size (Bolker et al. 2007 and references therein). Convergence of chains to the desired posterior den sity was checked to test against anomalous realizations of distributions. An estimated shrink factor (Gelman & Rubin 1992) close to 1 indicated convergence, and acceptable values were <1.2 (Kass et al. 1998 ). The baseline sample was obtained from published data. For the Atlantic stock, we considered the following reproductive units: south Flo rida, northeast Florida− North Carolina, northwest Florida, Dry Tortugas (USA), Mexico (Quintana Roo, Yucatan) (Encalada et al. 1998 , Bowen et al. 2005 , Brazil units (BR1: Rio de Janeiro/Espirito Santo, BR2: Bahia/ Sergipe; Reis et al. 2010) and Cape Verde Islands (Monzon-Arguello et al. 2010; our Fig. 2 ). Nesting population size data for rookeries were obtained from Ehrhart et al. (2003) and Monzon-Arguello et al. (2010) . The Medi terranean rookeries considered in the study were Greece (Zakynthos, Kyparissia, La ko ni kos and Crete), Turkey, Cyprus, Israel (Encalada et al. 1998 , Laurent et al. 1998 , Car re ras et al. 2007 , and Italy (Garofalo et al. 2009; our Fig. 2 ). The population size of these units, estimated as the annual average number of nests for these units, were obtained from Mingozzi et al. (2007) for Italy, Margaritoulis et al. (2003) for Turkey and Casale & Margaritoulis (2010) for the others (Table 1) .
RESULTS
The 175 individuals sampled were assigned to 1 of the 3 regions based on the location where they were found. After excluding possible breeders, only 151 turtles with CCL ranging from 18.5 to 81 cm were considered for the analyses (Table 2) : NTC (n captured = 11; n stranded = 6), GHAM (n captured = 24; n stranded = 12) and GGAB (n captured = 27; n stranded = 71). Loggerhead turtle specimens from the GHAM were significantly smaller than those from the NTC (p = 0.002) and the GGAB (p = 0.000). CCL means were respectively 45.7 ± 16.4, 58.2 ± 10.9 and 56.1 ± 9.5 cm ( Table 2) . Seven distinct haplotypes were detected: CC-A1, CC-A2, CC-A3, CC-A6, CC-A10, CC-A26 and CC-A28 (Table 2 ). The endemic Atlantic haplotype CC-A1 was detected only in the NTC (29.4%) and in the GHAM (5.5%). Haplotypes CC-A2, CC-A3 and CC-A10 are shared between Mediterranean and Atlantic nesting populations, although the first 2 occur at much higher frequencies in the Mediterranean region (Table 1) . Haplotype CC-A6 has been reported only from Greek nesting beaches (Table 1) . Haplotypes CC-A26 and CC-A28 could not be assigned to a rookery of origin, but they have previously been reported from both neritic and oceanic Mediterranean foraging grounds (see references in Table 2 ). These 'orphan' haplotypes were excluded from the MSA because they do not provide any information about the contributions of nesting populations to feeding grounds.
No genetic differentiation was found between captured and stranded samples in each study area. Similarly, within-region comparisons of the largest samples from 2006, 2007 and 2008 revealed no annual variation. Thus, all samples (stranded and captured during the 6 yr period) were pooled for comparison between the studied areas. A significant genetic differentiation was found between the GGAB and the NTC; neither differed significantly from the GHAM (Table 3 ). The same result was obtained when only captured turtles were considered. The NTC population was genetically homogenous with the Atlantic foraging population of Cadiz and the Mediterranean ones from the Balearic Islands, northeast Spain, the eastern and the western oceanic Mediterranean zones and the Alboran Sea (see references in Table 2 ), all characterized by a high frequency of the CC-A1 hap lo type (Fig. 3 , Table 2 ). The GGAB exhibited genetic differences with all of the foraging grounds, except with the north-central Adriatic, Lam pe dusa and eastern and western Italy. It also showed one of the lowest genetic diversities (Table 3) .
The 'foraging-ground-centric' many-to-many results suggested a high contribution from the Atlantic stocks to the Tunisian foraging grounds that de creases rapidly from the north to the south (total contribution, NTC: 97.1 ± 11.9%; GHAM: 57.8 ± 4.4%; GGAB: 17.9 ± 1.6%). The proportions of Mediterranean contributions also vary gradually, but in the opposite direction (GGAB: 82.1 ± Table 3 . Caretta caretta. Pairwise
F
ST values between present foraging locations (bold and italic) and previously studied grounds (see Table 2 ) and mtDNA diversity parameters.
ST values significantly different from 0 before (in bold) and after false discovery rate (FDR) correction (underlined; p < 0.0093) are indicated. Asterisk indicates significant differences based on exact tests after FDR correction; h: haplotype diversity; π: nucleotide diversity. Abbreviations as in Table 2 16.2%; GHAM: 42.2 ± 8.7%; NTC: 2.9 ± 0.4%). The south Florida rookery was the main Atlantic contributor to the studied areas, while the main Mediterranean contribution came from Greek rookeries (Table 4) .
DISCUSSION
We demonstrated for the first time the presence of a particular pattern of genetic variation among the loggerhead turtle foraging populations in the different Tunisian neritic habitats. The extreme samples (NTC and GGAB) differed genetically from each other, while both were similar to the central one (GHAM). This genetic structure was mainly due to the gradual variation of the Atlantic haplotype CC-A1 frequency among the 3 areas. This was highest in the NTC, intermediate in the GHAM and null in the GGAB. This finding was confirmed by the MSA estimates, which suggested that the proportions of Atlantic turtles were very high in the NTC and decreased southward, while the proportions of Medi terranean contributions were higher in the GGAB and decreased in the opposite direction. A potential source of uncertainty about the observed pattern of genetic structuring is the reduced sample size in the NTC compared to both other samples and the possible existence of temporal variations in the haplotype frequencies that may lead to erroneous differences between the sampling areas. Based on our results and previous findings, these artefacts should not be considered a major source of concern. First, we showed no annual variation within each region when comparing samples from 3 successive years (2006− 2008) representing more than 80% of the total sample. In the same way, comparison of our samples and those previously analysed in the same region by Casale et al. (2008b) and Laurent et al. (1998) suggested no significant differences. Bass et al. (2004) found no annual variation in the genetic composition of a foraging ground in North Carolina, USA, during a 3 yr period and suggested that temporal variation may occur at a much larger time scale. Second, the re duced sample size in the NTC may have not completely uncovered the mtDNA haplo type diversity in the area, but was sufficient to reveal particularities in the haplotype composition that could not be due only to chance. In fact, in the NTC sample we found 5 turtles carrying the endemic Atlantic haplotype CC-A1, while in the GHAM and GGAB samples which were respectively 2 and 6 times larger, only 2 and 0 CC-A1 turtles were detected. These results indicate that the genetic com-41 Table 4 . Caretta caretta. 'Foraging-ground centric' estimated contributions (mean ± SD) of the Atlantic and Medi terranean rookeries to the Tunisian foraging populations (NTC: northern Tunisian coast; GHAM: Gulf of Hammamet; GGAB: Gulf of Gabès). SFL: south Florida; NEF-NC: northeast Florida− North Carolina; NWFL: northwest Florida; MEX: Mexico; CV: Cape Verde; BR1: Rio de Janeiro/Espirito Santo; BR2: Bahia/ Sergippe; DT: Dry Tortugas; GRE: Greece; TUR: Turkey; CYP: Cyprus; ISR: Israel; CAL: Calabria (Italy) NTC GHAM GGAB Atlantic SFL 73.0 ± 75.7 34.5 ± 20.0 2.6 ± 1.8 NEF-NC 7.0 ± 5.8 3.9 ± 2.8 1.1 ± 0.7 NWFL 0.7 ± 0.5 2.7 ± 1.7 1.1 ± 0.8 MEX 2.4 ± 1.8 7.0 ± 4.5 7.8 ± 5.6 CV 9.2 ± 7.1 3.7 ± 2.7 1.1 ± 0.7 BR1 2.0 ± 1.6 2.2 ± 1.5 1.0 ± 0.7 BR2 2.7 ± 2.3 2.5 ± 1.7 1.0 ± 0.7 DT 0.2 ± 0.1 1.3 ± 0.8 2.2 ± 1.7 Total 97.1 ± 11.9 57.8 ± 4.4 17.9 ± 1.6
Mediterranean GRE 1.7 ± 1.1 30.9 ± 35.3 47.5 ± 48.9 TUR 0.6 ± 0. Table 2 ). WIT: western Italy; EIT: eastern Italy; LAM: Lampedusa; GIM: Gimnesies; PIT: Pitiüses; NES; northeastern Spain; WMED: western Mediterranean oceanic zone; EMED: eastern Mediterranean oceanic zone; ALB: Alboran Sea; CAD: Gulf of Cadiz; NCA: north central Adriatic; NTC: northern Tunisian coast; GHAM: Gulf of Hammamet; GGAB: Gulf of Gabès; EGPT: Egypt position was non-homogeneous and the distribution of foraging turtles was non-random among the 3 areas. The observed pattern of genetic variation could be generated by phenomena such as sea surface currents and habitat characteristics that affect the mixing of turtles when reaching foraging grounds. This would have a noticeable effect on the genetic makeup of foraging aggregations, especially when turtles come from reproductive units as different as Mediterranean and Atlantic ones (Carreras et al. 2006 (Carreras et al. , 2007 (Carreras et al. , 2011 . Atlantic water penetrates the Mediterranean Sea through the Strait of Gibraltar and forms the Algerian current (AC) which may carry Atlantic juvenile loggerheads eastwards along the African coast to the NTC. The current in the NTC flows close to the coastline, where the continental shelf is reduced and the adjoining neritic habitats are characterized by rocky bottoms and relatively deep waters. Therefore, Atlantic individuals may occasionally enter this area although they do not actually recruit to the neritic stage. At the Siculo-Tunisian Channel, the AC divides into 2 main streams, the Ionian (Atlantic Ionian Stream, AIS), which flows eastwards in the northern Ionian Sea, and the Atlantic Tunisian Current (ATC), which follows the 200 m isobath (Onken et al. 2003 , Béranger et al. 2004 ). The latter current may carry Atlantic turtles in close proximity to the GHAM, which coincides with the beginning of the African continental shelf. The very large extension of the continental shelf in the southern zone of Tunisia may divert Atlantic juveniles, carried by the ATC, from the Tunisian coast preventing them from entering the GGAB. It is likely that these turtles rarely recruit to this gulf because of its topography and distance from the ATC. The gulf is, 100 km long and 100 km wide, its depths typically range from 20 to 50 m, and the ATC flows over the Tunisian slope located at about 250 km from its coast ( Fig. 1) (Onken et al. 2003 , Béranger et al. 2004 ). Similarly, it has been shown that Atlantic loggerheads in the western Mediterranean region avoid the European continental shelf and remain linked to Atlantic water masses transported by the AC along the African coast (Cardona et al. 2005 , Carreras et al. 2006 , Revelles et al. 2007b . The sea surface current in the studied area does not likely represent an effective obstacle to such good swimmers but probably acts as a supplementary factor facilitating their passage to deeper waters where the food quality is presumably more suitable to their oceanic developmental stage and/or where the predation risk is probably lower (Bolten 2003) .
MSA results showed that a high contribution from the Atlantic rookeries was detected in the NTC and the GHAM. The presence of Atlantic turtles in shallow Tunisian foraging areas not far from the oceanic foraging areas in the Balearic and the Ionian Seas could be explained by opportunistic behaviour of oceanic-stage Atlantic turtles. These turtles feed mainly on pelagic prey but also occasionally switch to feeding on benthic prey. Previous studies have suggested that immature turtles do not recruit to the benthic phase in 1 step from the strict oceanic pelagic phase but progressively from a later flexible neritic stage (Laurent et al. 1998 , Eckert et al. 2008 . In a recent ecological study of foraging turtles in the central Mediterranean, Casale et al. (2008a) suggested that this behavioural flexibility is a general feature and proposed a relaxed ontogenetic model of life history for the species. Our data support this model, as we noticed the presence of small juveniles (n = 10, CCL < 30 cm) in the eastern and southern re gions used by both Mediterranean and Atlantic turtles. We showed a relatively high contribution from some Atlantic rookeries, such as the Mexican one, particularly to the GHAM and GGAB (Table 4) . It is likely that this contribution was overestimated and could be attributed to similarities of haplotype frequency patterns ob served between the areas, rather than a real connectivity that has never been reported in the literature. Analysing longer fragments of the mtDNA, which makes it possible to uncover genetic differentiation be tween locations sharing the same short fragments, would improve the resolution of the MSA technique (Abreu-Grobois et al. 2006) . Different sizes of Atlantic CC-A1 individuals were detected in the NTC and the GHAM, ranging from 23.5 to 70.0 cm. We detected the smallest CC-A1 turtle in the Mediterranean basin, which suggests that Atlantic turtles may frequent Mediterranean zones at earlier developmental stages than previously thought (CCL = 29.7 cm; Laurent et al. 1998 ). Hays & Marsh (1997) reported that the modal straight carapace length of juvenile turtles crossing the Atlantic from the northern American beaches to the coast of the UK, at about the same longitude as the western border of the Mediterranean, was 20.5 cm (≈23.0 cm CCL), corresponding to an estimated modal age between 1.8 and 3.7 yr (Hays & Marsh 1997) . It therefore seems that after achieving their trans-Atlantic migration, some Atlantic early juveniles could rapidly reach remote Mediterranean foraging areas to take advantage of the abundant food resources there.
The MSA estimates showed that the 3 main Mediterranean nesting rookeries contribute significantly to the GGAB, with the highest contribution from Greece, followed by Turkey and Cyprus. The majority of turtles inhabiting the gulf are in the high size classes (83% of CCLs > 50 cm), composed mainly of late juveniles and sub-adults. Our results confirm the importance of the gulf for the entire Mediterranean loggerhead turtle population already suggested by previous mark and recapture studies (Margaritoulis et al. 2003) and satellite tracking telemetry surveys (Broderick et al. 2007 , Zbinden et al. 2007 . The large continental shelf, the richness of the sandy bottom and the warm water during the winter made this area one of the most important foraging grounds for neritic-stage loggerhead turtles in the Mediterranean Sea. Other contributions from indeterminate origins were noted, as individuals carrying unidentified haplotypes CC-A26 and CC-A28 were detected. These haplotypes, detected exclusively in Mediterranean foraging grounds (Laurent et al. 1998 , Carreras et al. 2006 ) could be of Mediterranean origin. As the most important Mediterranean rookeries are relatively well characterized, these haplotypes likely come from nesting sites not yet analysed, such as the large Libyan site, or from other rookeries that were poorly sampled. On the other hand, the very low contributions from the Italian and the Israeli rookeries estimated by MSA and the corresponding absence of their respective en demic haplotypes CC-A20, CC-A31 and CC-A29 (Table 1) are likely explained by the very small size of these 2 potential sources and do not necessarily relate to a low connectivity. Recent satellite tracking projects launched in both countries (TARTACare Calabria, Italy, A.T. Mingozzi pers. comm.; and the Israel Sea Turtle Tracking Project, Y. Levy pers. comm., www.seaturtle.org/tracking/project), showed migration of several nesting females toward the GGAB. This highlights the importance of the information gathered from field studies for a better understanding of the migratory connectivity in such species.
In conclusion, our results suggested a non-random distribution of foraging turtles along the Tunisian coast in light of the gradual variation in haplotype composition among the 3 studied areas. The genetic structuring observed over 1300 km of a continuous coastline was probably driven by non-apparent barriers such as sea surface currents and geomorphology. Nevertheless, the observed pattern of haplotype distribution should not be considered static since it depends on the relative contribution from source populations and temporal variations in the reproductive success at each rookery. We showed for the first time that the NTC hosts a high proportion of Atlantic turtles. This could be related to the geographical position of this area representing an obligatory passage for Atlantic turtles moving between both Mediterranean basins and probably represents a foraging zone utilized mainly by Atlantic stocks. Further ecological, behavioural and genetic investigations could help resolve this issue.
Overall, the Tunisian coast is frequented by turtles from both Atlantic and Mediterranean stocks and thus seems to represent a hotspot for conservation strategies. Particular concern arises from the intense anthropogenic activities in this region that pose a threat for both Atlantic and Mediterranean populations. Conservation models show that adult and large immature turtles make the greatest contribution to the survival of a population (Crouse et al. 1987 , Laurent et al. 1998 ; hence, special efforts should be made to reduce turtle bycatch when implementing future management strategies. The GGAB, which is among the areas most exploited by fisheries in the Mediterranean Sea, interestingly hosts a much higher proportion of Mediterranean turtles. Given that the stock of turtles nesting in the Mediterranean is much more depleted than that in the Atlantic rookeries (Ehrhart et al. 2003) , a reduction in turtle bycatch and mortality in this area should be considered a priority to protect the Mediterranean population. 
